Lymnaeids in nature are subjected to temperature fluctuations that may have an influence on the shedding of cercariae. Thus, experimental infections of Lymnaea truncalula by Paramphistomum daubneyi were performed to determine whether a sudden fall in temperature -daily dipping of infected snails into spring water at 14-15°C, or at 6-8 °C -followed by its increase at 20°C in the subsequent hour, had an influence on the characteristics of snail infection and cercarial production. The immersion of infected snails in cold water during a short period delayed the first cercarial shedding, at day 66 on average, in the 6-8 °C group vs at day 57 in the 14-15°C group, or at day 49 in the 20°C group. The percentage of cercaria-shedding snails was greater in the 6-8 °C group than in the 14-15°C and the 20°C ones : 41.8 % vs 17.3 % and 7.1 %, respectively. The total number of cercariae given by each infected snail was also higher in the 6-8 °C group. A fall in the temperature of water during daily change, followed by its increase at 20°C within the subsequent hour, stimulated the cercarial shedding of P. daubneyi.
At day 30 post-exposure (p.e.), the surviving snails from the control group were counted and divided into three subgroups, as shown in Table I . A similar protocol was used for exposed snails. Each surviving snail was individually placed in a 35 mm diameter petri dish, containing 2-3 ml of spring water and a piece of decayed lettuce. These dishes were maintained in the same air-conditioned room at 20 °C as the breeding boxes. Every day a cercarial count was performed (between 2 p.m. and 4 p.m.) and the water in the dish was changed until the snail's death. In two subgroups (one for controls and one for exposed snails, see Table I ), the temperature of water after change was the same (20°C). In two other subgroups (one for controls and one for exposed snails), the temperature of water after change was 14-15 °C and subsequently increased at 20 °C in the minutes following placing of petri dishes in the air-conditioned room. In the two last subgroups, the temperature of water was 6-8°C and subsequently increased at 20 °C in the subsequent hour. Routine post-mortem dissection of snail cadavers was performed to recognize uninfected snails from infected snails that died without shedding.
The parameters studied were the survival rate of snails at day 90 p.e., the percentage of cercaria-shedding snails (CS snails), the percentage of infected snails that 
RESULTS
Snail survival of controls at day 90 p.e. (Table I) was significantly higher (P < 0.001) than that of exposed snails, whatever water temperature. In controls, the fall in water temperature did not induce a significant variation in survival rates. In contrast, in exposed snails, the survival rate in the 6-8°C subgroup was significantly lower (P < 0.001) than that noted in the 20 °C subgroup. The percentage of NCS snails ( Table I . -The experimental protocol used to study the effect of a thermal stress (snail dipping into cold water at 14-15 °C, or at 6-8 °C) during a short period on the cercarial production of Paramphistomum daubneyi. 44.8 % (in the 20°C subgroup) to 7.1 % (in the 6-8°C subgroup). Inversely, the percentage of CS snails increased: from 7.1 % (20°C) to 41.8 % (6-8°C). Significant differences between these percentages were noted, for NCS snails (P< 0.001) as well as for CS snails (P< 0.001). The growth of NCS and CS snails between miracidial exposure and day 90 ranged from 2.6 ± 0.6 mm in the 20°C subgroup to 2.9 ± 0.7 mm in the 6-8°C subgroup (data not shown).
The mean time between miracidial exposure and the first cercarial shedding (Fig. 1 ) was 49.2 days (20°C), 57 days (14-15°C), and 66.0 days (6-8°C), however, the difference between these mean durations was not significant. The duration of the shedding period (Fig. 1) ranged from 14.1 to 16.2 days and no significant difference between these durations was noted. The total number of cercariae recorded in the 6-8°C subgroup (Fig. 1) was significantly higher (F = 4.57, P < 0.05) than those from the two others (a mean of 57.7 cercariae versus 21.8 in the 14-15 °C subgroup and 11.6 in the 20°C subgroup). The maximum number of cercariae was 146 for a single snail from the 6-8°C subgroup. Lastly, the ratio between the total number of cercariae in each group and the number of snails alive at day 30 p.e. was 0.8 cercaria in the 20°C subgroup, 3.7 cercariae in the 14°-15°C subgroup, and 24.1 in the last subgroup (data not shown). were immersed each day in 6-8 °C spring water before being subjected to a constant temperature of 20 °C. As the protocol was the same in the six subgroups of our experiment except for the temperature of water at daily change, it is logical to think that removing infected L. truncatula from watery petri dishes and placing them in 6-8°C spring water would stress the snails and induce the exit of P. daubneyi cercariae within a very few hours after the subsequent increase of water temperature to 20°C. Thus, the fall in the temperature of water when changed might be considered as a factor stimulating the cercarial shedding of this trematode.
DISCUSSION
The number of P. daubneyi cercariae released from CS snails was greater in the 6-8°C subgroup than in the 14-15 °C subgroup. This finding contrasts with the reports by several authors. According to Kendall & McCullough (1951) , there was no evidence of any significant differences in the numbers of F. hepatica cercariae which emerged from snails kept between 9°C and 26 °C. Inversely, in another parasite snail-system such as that studied by Schmidt & Fried (1996) , the number of Echinostoma trivolvis cercariae, which emerged from naturally-infected Helisoma trivolvis, was significantly lower in snails kept at a constant temperature of 12°C compared to the controls at 28-29 °C.
This behavioural pattern in cercarial shedding noted for each trematode species is so much interesting to understand when parasites, such as P. daubneyi and F. hepatica, have the same definitive host and the same snail host. A possible explanation is to consider that in the field, the periods of shedding for the former trematode would be different from those existing for the latter species. Release of P. daubneyi cercariae would be earlier in spring or in summer than that of F. hepatica cercariae, for overwintering snails as well as for spring-born L. truncatula. To verify this hypothesis, further studies will be necessary to determine the precise periods of cercarial shedding in the field in relation to the altitude of sites in which snails lived. Parasite, 1999, 6, 85-88 
